A gas-liquid chromatographic (GLC) procedure is reported for the quantitation of the trimethylsilyl (TMS) derivatives of substituted 2-hydroxy-2H-1,4-benzoxazin-3(4H)-ones (2-hydroxy-2H-1,4-benzoxazin-3(4H)-one(HBOAI; 2-hydroxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-onelHMBOAI;2,4dihydroxy-2H-1,4-benzoxazin-3(4H)-oneIDIBOAI;2,4-dihydroxy-7-methoxy-2H-1,4-benzoxazin-3(4H)-onelDIMBOAI; and 2,4-dihydroxy-7,8-dimethoxy-2H-1,4-benzoxazin-3(4H)-oneIDIM2BOAI) Cyclic hydroxamic acids are known to occur in maize, wheat, and other members of the Gramineae (2, (6) (7) (8) 23) . The most abundant hydroxamate in aqueous extracts of maize is DIMBOA5 (11, 13) . This compound and its degradation product, MBOA, have been reported to be important in resistance of plants to insects (12, 14) and to some plant pathogens (4, 16, 17, 22 The only procedure previously described for the direct quantitation of hydroxamates in plant extracts is based on the colorimetric absorption of a hydroxamic acid-ferric chloride complex (3, 5, 15, 20) . This procedure does not differentiate between the different hydroxamates in extracts, nor does it measure the structurally analogous lactams that also are present in maize extracts. We now report the development of a GLC procedure for the quantitation of individual cyclic hydroxamic acids and their lactam analogs in aqueous maize extracts. A preliminary report of this work has been presented (24).
degradation of hydroxamates to benzoxazolinones in aqueous solutions. The benzoxazolinones are then determined by isotopic dilution (10, 11, 13) , IR spectrophotometry (19) , fluorometry (1), or GLC (21) . For each of these procedures, it has been the practice to assume that 1 mol of hydroxamate yields I mol of benzoxazolinone after degradation. However, recently we have found that the decomposition of 1 mol of DIMBOA in aqueous solution always yields less than 1 mol of MBOA (25) . The yields can vary from 40 to 75% of theoretical yield depending on the conditions of the reaction. Thus it is apparent that the assumption of 100% yield of MBOA from DIMBOA can lead to erroneous estimates of DIMBOA content in plant extracts.
The only procedure previously described for the direct quantitation of hydroxamates in plant extracts is based on the colorimetric absorption of a hydroxamic acid-ferric chloride complex (3, 5, 15, 20) . This procedure does not differentiate between the different hydroxamates in extracts, nor does it measure the structurally analogous lactams that also are present in maize extracts. We now report the development of a GLC procedure for the quantitation of individual cyclic hydroxamic acids and their lactam analogs in aqueous maize extracts. A preliminary report of this work has been presented (24) .
MATERIALS AND METHODS
Most GLC analyses were performed with a Hewlett-Packard model 7620A gas chromatograph6 equipped with flame ionization detectors. Each column was all glass (2.0 m x 2 mm), contained 2% DC-l 1 as liquid phase on 80 to 100 mesh Gas-chrom Q, and was operated independently. The He carrier gas flow rate was 50 ml/min (measured at the detector). Air and H2 flow rates were 400 and 26 ml/min, respectively. The injection port and detector were maintained at 280 C. Oven temperature was 105 C for 15 min and then increased at 2 C/min to 165 C. Additional analyses were made with a Varian Aerograph series 1800 gas chromatograph also equipped with flame ionization detectors. Analyses were performed using a glass column (1.8 m x 2 mm) containing 3% OV-17 on 80-100 mesh Gas-chrom Q. The N2 carrier gas flow rate was 28 ml/min and the H2 and air flows were 27 and 400 ml/min, respectively. The injection port was maintained at 300 C and the detector at 290 C. Oven temperature was 170 C for 3 min followed by increases in 3 C/min for 12 min, 8 C/min for 6 min, 3 C/min for 3 min, and 8 C/min for 3 min.
An authentic sample of HBOA was provided by J. A. Klun (ARS, USDA, Ankeny, Iowa). A reference sample of DIBOA was obtained from C. L. Tipton (Iowa State University, Ames, Iowa). DIMBOA was isolated as previously described (25) . Quantitative analyses performed with DIMBOA, HBOA, and DIBOA were based on UV extinction coefficients in absolute ethanol. The extinction coefficient of DIMBOA (E262 = 10,000) was determined in this study. The extinction coefficients for DIBOA (E2U = 8,500) and HBOA (E20 = 8,900) were those reported by Honkanen and Virtanen (9 RESULTS AND DISCUSSION Chromatograms of an extract from maize inbred Oh45 are shown in Figure I (DC-l 1) and Figure 2 (OV-17). Structural assignments for the peaks were made by GLC-MS and/or cochromatography (26 Id BSTFA, heated to 65 to 70 C for 20 min and 2-,ul portions were injected (Fig. 3) .
Intercept values in Figure 3 (Fig. 3) . Slopes of 1.03 and 1.05 for TMS2-DIBOA and TMS2-DIMBOA, respectively, represent a 100%o recovery of the compounds added.
A slight increase in size of the TMS2-HMBOA peak was observed with increased amounts of DIMBOA added (Fig. 3) (1.5-2%) in the DIMBOA reference compound. The DIBOA reference compound also contained 5% HBOA. This impurity contributed substantially to the total HBOA since seven times more DIBOA than HBOA was added to the extract. Based on the known level of impurity plus the amount of pure HBOA added, a slope of 1.37 was predicted. The slope determined experimentally (1.48) was close to the predicted value (Fig. 3) . Thus, quantitative recoveries of HBOA, DIBOA, and DIMBOA were obtained and components in the extract did not interfere with determination of the amounts of these compounds.
Determination of 1,4-Benzoxazin-3-ones in 15 Maize Lines. Amounts of the 1,4-benzoxazin-3-ones present in ethyl acetate extracts of 15 different maize lines were determined on DC- (Table I) . Generally, amounts of HBOA, DIBOA, and HMBOA were directly proportional to amounts of DIMBOA. No such correlation was observed with DIM2BOA. GLC-MS studies (26) indicated that the peaks corresponding to TMS2-HBOA, TMS2-DIBOA, and TMS2-DIMBOA were probably homogeneous, but that the peak corresponding to TMS2-DIM2BOA was heterogeneous in some lines. This peak was contaminated with TMS3-TRIBOA and, usually, with another unidentified compound. These two contaminant peaks appeared to interfere with the quantitative determination of TMS2-DIM2BOA in maize lines which had little DIM2BOA.
Analysis of the 15 maize lines was also performed using a column of 3% OV-17. (Fig. 4) . Based 
CONCLUSIONS
The GLC procedure described above provides a rapid, sensitive, and accurate method for determining the content of individual 1,4-benzoxazin-3-ones in maize extracts. The sensitivity and relative ease of this method should make it useful in breeding as well as in basic studies on the metabolism and function of 1,4-benzoxazin-3-ones in maize and other members of the Gramineae. Quantitation of at least five of these compounds in maize ethyl acetate extracts can be accomplished in less than 1 hr. Analyses were performed with the equivalent of 25 to 100 mg fresh weight of plant material. The actual content of a specific compound, rather than just total hydroxamates, is determined. Finally, the conversion of hydroxamates to benzoxazolinones is avoided. The avoidance of this step can eliminate a serious source of error since, at least in the case of DIMBOA (25) , this conversion is not quantitative. 
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